Abstract. This study focuses on the detailed characterization of a significant
INTRODUCTION
The present work aims at processing statistical information on the Portuguese bridge stock and more detailed summary statistics on reinforced concrete (RC) ones to be used for macroscale level bridge seismic loss assessment. Furthermore, the possible refinement of exiting bridge taxonomies is investigated. This endeavour is framed by the fact that the largest majority of the bridges and viaducts in Portugal have never experienced seismic extreme event actions therefore their seismic response is rather unknown.
Considering the historical seismicity of the Portuguese territory, Portugal has been struck by a very destructive seismic event in the past, the well-known 1755 Lisbon earthquake, during which about 10% of fatalities occurred and about 85% of the building stock has been destroyed [1] , leading to the complete redesign of the city. After the 1755 Lisbon earthquake, several studies focused on that extreme event and comprehensive studies about the building response to earthquakes have been carried out. The collection of damage information from surveys in the different areas of the city led to building provisions that were used to reconstruct it. It was only with the 1909 Benavente earthquake that seismic specifications for buildings to withstand earthquakes were prepared, after which the 1955 Symposium on Seismic Actions (Ordem dos Engenheiros) highlighted the need of urgent seismic design provisions, marking the beginning of novel seismic studies for Portugal. It was therefore in 1958 that the Regulamento de Seguranca das Construções contra os Sismos was published to define the seismic hazard levels of several Portuguese regions and the principle of structural design to withstand seismic actions. In 1961, the focus was no longer on buildings only. In fact, at that time, the Regulamento de Solicitações e Edifícios e Pontes (Code for actions on building and bridges) followed, including earthquake-resisting buildings' and bridges' design specifications. In 1983, the Regulamento de Seguarnça e Acções para Estruturas de Edifícios e Pontes (Regulation for Safety and Actions for buildings and bridges) was published, along with codes for reinforced and prestressed concrete structures (1983) and steel structures (1986) [2] .
This historical overview highlights that the structural damage information we can infer from the available literature about the Portuguese historical earthquakes is related to buildings. Moreover, the illustrated Portuguese seismic code evolution reflects the lack of seismic design regulations in bridges before 1961. Therefore, a Portuguese bridge stock systematic characterization and knowledge about its seismic performance are rather needed, other than helpful to make proper post-disaster management plans [3, 4] .
Bearing such needs in mind, this work provides a first step towards a systematic and detailed characterization of the Portuguese national bridge by means of a taxonomy proposal. This work will contribute to the expedite vulnerability assessment of the roadway network [5] , as well as to the improvement of the emergency phase management in the immediate aftermath of an earthquake. It will also help to identify e.g. structures that have to be retrofitted or to conduct the prioritization schemes in terms of use of available resources. Application wise, the proposed taxonomy will find room in webGIS software platforms for the real time seismic risk assessment of infrastructure networks [6, 7] , to be used by different stakeholders, such as decision makers, practitioners, insurance and reinsurance companies, amongst others.
BRIDGE TAXONOMY
The design differences among different bridges strongly affect the seismic response of each individual structure. To measure such differences, it is first necessary to define bridge properties with sufficient detail so that the expected response under a certain earthquake excitation is accurately defined, yet the computational effort to obtain it is minimized [8] . The taxonomy is an ensemble of strings, numbers or symbols, which all together constitute a code that can be assigned to each structure. Each element of such a code represents specific structural properties, which can be associated with structural type, geometric or material characteristics [9] . A good taxonomy must be capable of representing the similarities of an individual bridge or bridge classes.
A bridge taxonomy can be particularly useful for:
• the rapid individual structure assessment;
• a better organization of national infrastructure inventory databases;
• the organization of retrofitting strategies and bridge maintenance operations;
• the study of health monitoring sensors' allocation. In seismic prone areas, the bridge taxonomy can be thought to expedite the physical damage estimation, as well as the loss assessment in terms of repair costs, casualties, or recovery process duration. It facilitates the identification of bridge classes, within which the seismic response is similar, so that earthquake engineering investigations at macro-scale level can be better accomplished. From a considerable amount of data, the taxonomy allows to guarantee a systematic ordered simplification of the infrastructure population's structural characteristics, yet to reflect their relationships. Therefore, a specific code, which is meaningful from the structural stand point, can be assigned to each individual structure, and can be easily integrated in computer code applications. Starting from a bridge population one can consider the series of these representative codes and conduct seismic assessment analyses. Nevertheless, in order to guarantee the correct flow of information from the input (the bridge population) to the output (damage estimate, loss assessment results, etc.), the taxonomy should have a clear, detailed, collapsible, and expandable definition [10] . Some bridge taxonomies can be found in literature, such as the comprehensive work carried out within the SYNER-G project [9] . The present work leverages on the SYNER-G outcomes, proposing an improved taxonomy definition to the Portuguese context.
CASE-STUDY BRIDGE STOCK
In this section, the main geometrical and material properties of nearly 5000 bridges located throughout the Portuguese territory are scrutinized. The construction typology is also crucial to define the response of the bridge therefore this information is added to the discussion within Section 4, which addresses the definition of the bridge taxonomy.
Firstly, the year of construction is analyzed, as it represents a good indicator of the design code used at the time of design/construction of a specific structure. Afterwards, general statistics on the frequency of the use of different materials are prepared. Then, bridge length and horizontal regularity classes have been defined, taking into account how the bridge response is greatly affected by such variables. Finally, a statistical distribution has been assigned to each geometrical variable.
Year of construction
The year of construction can be an initial good indicator of the seismic performance if coupled with the information about the design codes in force at the same period. From 1983 onwards, Portugal has adopted a seismic code with provisions to design bridges. Looking at the overall dataset, the construction year between 1900 and 2017 has been grouped in decade ranges. As Figure 1 shows, the vast majority of the bridges for which the year of construction is known (3992 bridges) has been built after 1980. One could therefore expect that most of the bridges has been designed to withstand seismic actions. Further investigation of the seismic code evolution and effective employment could provide a deeper understating of the overall expected seismic performance, especially when overlapped with the seismic hazard defined in the code and the additional information about the design principles forced by the code, such as the capacity design. 
Construction material
Once the year of construction is known, another fundamental variable that strongly affects the structural behavior is the material used. As far as the construction material is concerned, nine main cases have been considered. The considered materials are: unreinforced concrete (C), reinforced concrete (RC), steel (ST), masonry (MS), unreinforced concrete and other materials (C-O), reinforced concrete and other materials (RC-O), masonry and other materials (MS-O), steel and other materials (ST-O), and at least three different materials without prevalence of any of the aforementioned ones (Mixed). Figure 2 represents the pie charts associated with the corresponding percentage of each material in each Portuguese district and the corresponding values. In the same figure, all the georeferenced bridges are represented by the small dots.
In this initial stage, for simplicity purposes, the pre-stressed concrete bridges have been considered as part of the reinforced concrete bridge class. On the other hand, the Masonry bridge class includes brick masonry, stone masonry and grouted brick masonry. The steel bridge class includes several types of bridge components assembly techniques, along with specific types of steel used. In fact, for instance, riveted, welded, bolted, and ARMCO steel belong to the same class. What has been named as "other materials" includes wood, FRP external reinforcement, natural stone and reinforced earth. The pie charts in Figure 2 show that the prevalent material throughout the database is reinforced concrete, followed by masonry. For this reason, this preliminary approach towards a taxonomy proposal is focused on the RC bridges sub-stock. For this main category, sub-classes in terms of bridge length and regularity in plan are shown in the following sections.
Length, regularity in plan and year of construction of RC bridges
Based on the overall distribution of the observed bridge lengths, the RC bridge sub-population was subdivided in the three length classes:
i. 0" # $ % 50"; ii. 50" # $ % 200"; iii. $ ) 200". For each bridge class, further subdivision has been made in terms of construction year before and after 1980, as represented in Figure 3 . 
As such, an :; value that is close to zero characterizes a regular bridge whilst as the value become larger the bridge assumes increasing irregularity. Three regularity classes have been tentatively defined according to the following threshold values: The bridge classes represented in Figures 2 to 4 are summarized in the chart of Figure 5 , in which the percentage of each bridge class with respect to the overall case study is indicated.
Summary statistics
Within the structural seismic assessment framework at macro-scale level, the definition of the structural fragility curves plays a crucial role [11] . In fact, they are typically assigned to each individual structure to estimate the potential damage level, given a certain intensity measure level. These curves can be derived by selecting an analytical approach among the other methods (empirical and expert-based). Although this method is considered the most accurate, it requires a significant computational effort. In fact, typically, nonlinear time history analyses of individual structures have to be carried out at several intensity measure levels to characterize the structural performance. In turn, the output of these analyses will be probabilistically post processed so that the fragility curves will be defined as lognormal cumulative distributions, characterized by mean and standard deviation inferred from the data.
As highlighted in previous studies [8, 12] , when dealing with populations of structures, the aforementioned procedure is time and computationally consuming hence some simplifications become particularly advantageous. In particular, the large amount of details that one can obtain from a national inventory should be condensed in reduced information for practical use. One typical example is the simplification in structural classes of the structural portfolio, which can significantly speed up the computational onus. The aforementioned studies characterized the parameters that mainly affect the seismic bridge response through a statistical distribution and the same approach is adopted herein.
The skewness of the data and the higher frequencies for the lower intermediate values of each parameter affect the results of the commonly used goodness-of-fit tests. In fact, the ChiSquare has been selected to test if the data follows a given distribution. However, the p-values obtained suggest that the hypothesis according which the data follows a certain distribution should be rejected, which not necessarily means that the data does not follow that distribution. As such, at this first stage of the study, the distributions have been assigned to each parameter looking at the comparison between the probability density function obtained with the fitted distribution and the histograms associated with each variable. 
Geometrical layout properties -distribution fitting
The main geometrical properties of the bridges contained in the case-study database are related to spans, piers and superstructure. The main parameters of the statistical distributions associated with each variable are indicated in Table 1 . Specifically, Burr and Lognormal distributions have been assigned. The number of spans and the number of columns per pier have been considered as relevant parameters to characterize each bridge however, as discrete variables, only frequency values have been collected and no distribution has been assigned. 
EXTENDED BRIDGE TAXONOMY
The vast majority of the work in terms of taxonomy definition for earthquake engineering purposes has been conducted for buildings. Available bridge taxonomies are few and they omit a certain number of important bridge characteristics, which the present work aims to include towards the definition of a more comprehensive scheme. The detailed analysis of about 5000 Portuguese bridges allowed thus the updating of the bridge taxonomy proposed within the SYNER-G project. The updated taxonomy is presented in Table 2 , where the parts added by the present work are highlighted in bold.
Infrastructure type (TY)
• 
CONCLUSIONS
The study presented in this paper sought to fill existing gaps in the characterization of RC bridge populations through taxonomy schemes. Specifically, a database of nearly 5000 bridges located throughout the Portuguese territory was used as case-study. A thorough analysis of this dataset in terms of used construction material was carried out. The subsequent preselection to identify the RC concrete bridges led to a subgroup of 1122 bridges, whose scrutiny in terms of bridge lengths and in-plan regularities led, in turn, to further smaller subgroups that are expected to share similar seismic response. Statistical distributions to be used in seismic analysis applications were then defined for the following variables: theoretical span length, clear span length, total length, theoretical pier height, clear pier heights, superstructure area and superstructure width.
Finally, as main outcome, the collection and the analysis of the case-study was used to define a more comprehensive bridge taxonomy that will be helpful in the expedite bridge vulnerability assessment of a large number of structures, as well as for improvement of existing seismic risk assessment platforms developed for the Portuguese territory. The main novelty of the proposed taxonomy is the introduction of the infrastructure type category, which provides to the stakeholder an idea about the use of the infrastructure itself. Moreover, the main additional improvements to the previously proposed taxonomy schemes were in terms of construction material, type of structure and configuration properties by including either the in-plan or the vertical regularities.
Future development of the present work will focus, at first, on the identification of possible outliers in the data. The vertical irregularity will also be further analyzed to reflect the bridge pier configurations, which significantly affect the seismic response of the structure. Then, specific case studies will be selected according to the newly defined bridge taxonomy and vulnerability assessment will be systematically performed.
